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Horseshoe crab (HSC) amebocyte cells degranulate to form a gel clot when in contact with endotoxins. This phenomenon is the basis
of both the horseshoe crab immune system and the detection of endotoxin in biologicals. Horseshoe crab captive rearing has been
suggested as a promising method for continuous amebocyte cell harvesting. Hence, we aimed to investigate the amebocyte cells
quality in Tachypleus  gigas  pre and post bleeding under captivity . Wild and captive horseshoe crabs (5 months captivity ) were fed
with Meretrix meretrix (highly preferred diet by T. gigas ) and bled in 6 anticoagulant  formulations  (A, B, C, D, E, and F). No
profound difference in cell density was observed between captive and wild groups with the mean value of 0.883 × 10  a cells/mL and
0.917 × 10  cells/mL, respectively. Cell viability of the captive group was significantly lower than the wild group (F = 808.075, p <
0.001). Anticoagulant  formulation  greatly affected cell viability and cell morphology in captive and wild groups (p < 0.001).
Amebocyte cells collected from the wild T. gigas  using optimum anticoagulant  (formula C) showed 0.6 × 10  cells/mL cell density
and 86.9 % cell viability. Simultaneously, morphology analysis revealed the percentage of contracted, granular flattened, and
degranulated flattened cells were 14.62 %, 71.39 %, and 14 %, respectively. The anticoagulant  formulations  showed varying
capabilities in maintaining cell viability due to their buffering and chelating capacity. We postulate that selection of the best 
anticoagulant  recipe is crucial to inaccurate blood profiling of horseshoe crabs. Prolonged  captivity  and single feed impact the
quality of amebocyte cells in the crabs. © 2021 The Authors
Author keywords
Amebocyte cells; Anticoagulant ; Captive rearing; Living fossil; Tachypleus  gigas
Reaxys Chemistry database information
Substances
































View details View details View details
Cited by 0 documents
Inform me when this document is cited
in Scopus:
Related documents
,  , 
(2015) Jurnal Teknologi
,  , 
(2021) Biodiversity and Conservation
,  , 
(2015) Journal of Invertebrate
Pathology
  
Find more related documents in
Scopus based on:
Set citation alert ▻
Review on in-vitro amebocyte culture–
A lesson learned from past
 Sheikh, H.I. Akbar John, B. Ichwan,
S.J.A.
Conservation of Asian horseshoe crabs
on spotlight
 John, A. Shin, P.K.S. Botton, M.L.
Zoothamnium duplicatum infestation
of cultured horseshoe crabs (Limulus
polyphemus)
 Shinn, A.P. Mühlhölzl, A.P. Coates,
C.J.
View all related documents based on
references
 ▻Authors  ▻Keywords
Brought to you by  INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA
 
 Search Sources Lists  ↗SciVal
Create account Sign in
Powered by
Funding text
Special thanks to Prof. Mark L Botton for his technical advice and manuscript editing. The authors extend their sincere thanks to two
anonymous reviewers for their expert advice to improve the manuscript. This project was funded by the Ministry of Higher Education
(MOHE) , Malaysia under the Fundamental Research Grant Scheme (FRGS 15-210-0451 and FRGS 19-.021-0629).
Topic name
Horseshoe Crabs; Tachypleus Tridentatus; Carcinoscorpius
Prominence percentile
78.942
Ministry of Higher Education, Malaysia FRGS 15-210-0451 MOHE
See opportunities by MOHE
References (58)
Acton, Q.A. 
Citrates—Advances in Research and Application 
(2013) .  . 
(2013) Edition: ScholarlyBrief: ScholarlyEditions 
 
Ariki, S., Koori, K., Osaki, T., Motoyama, K., Inamori, K.-I., Kawabata, S.-I. 
 (Open Access)
 
(2004) Proceedings of the National Academy of Sciences of the United States of




(1979) Journal of Cell Science, VOL.37, pp. 169-180.  . 
Armstrong, P., Conrad, M. 
 (Open Access)
 









Burger, J., Gochfeld, M. 
25 Nature Spectacles in New Jersey 
(2000)  
Rutgers University Press 
 
 ▻View in search results format



















The ecological importance of horseshoe crabs in estuarine and coastal






Funding sponsor Funding number Acronym
Carmichael, R.H., Brush, E. 
 (Open Access)
 
(2012) Reviews in Aquaculture, 4 (1), pp. 32-43.  . 
doi: 10.1111/j.1753-5131.2012.01059.x 
Coates, C.J., Bradford, E.L., Krome, C.A., Nairn, J. 
 
(2012) Aquaculture, 334-337, pp. 30-38.  . 
doi: 10.1016/j.aquaculture.2011.12.029 
Coates, C.J., Whalley, T., Nairn, J. 
 
(2012) Journal of Invertebrate Pathology, 111 (3), pp. 205-210.  . 
doi: 10.1016/j.jip.2012.08.002 
Cohen, W., Armstrong, P., Levin, J., Ornberg, R., Nemhauser, I., Edds, K. 
(1985) Blood Cells of Marine Invertebrates: a Practical Guide. Blood Cells of Marine
Invertebrates, pp. 251-279.  . 








Cuervo, P., Mesquita-Rodrigues, C., Levy, C.M.D., Britto, C., Pires, F.A., Gredilha, R., Alves,
C.R., (...), De Jesus, J.B. 
 (Open Access)
 
(2008) Memorias do Instituto Oswaldo Cruz, 103 (5), pp. 504-506.  . 
 
doi: 10.1590/S0074-02762008000500018 
El-Salhy, M., Mazzawi, T., Hausken, T., Hatlebakk, J.G. 
(Open Access)
 
(2016) Biomedical Reports, 4 (6), pp. 651-656.  . 
 
doi: 10.3892/br.2016.649 
European Pharmacopoeia Commission (EPC) 
General chapter on the rFC test adopted by the European Pharmacopoeia Commission 
(2020) .  . 




Three decades of horseshoe crab rearing: A review of conditions for





















Serine protease activities in Oxysarcodexia thornax (Walker) (Diptera:














Review of the Atlantic States Marine Fisheries Commission Fisheries Management Plan for




Friberg, J.A., Weathers, P.J., Gibson III, D.G. 
 





(2015) Changing Global Perspectives on Horseshoe Crab Biology, Conservation and
Management, pp. 475-482.  . 
 
ISBN: 978-331919542-1; 978-331919541-4 
doi: 10.1007/978-3-319-19542-1_27 
Gibson, D.G., Hilly, J.B. 
(1992)  
Patent No 5, 082782.
 
Hurton, L.V., Berkson, J.M., Smith, S.A. 
 
(2005) In Vitro Cellular and Developmental Biology - Animal, 41 (10), pp. 325-329. 
. 
doi: 10.1290/0507048.1 
Johansson, M.W., Keyser, P., Sritunyalucksana, K., Söderhäll, K. 
 
(2000) Aquaculture, 191 (1-3), pp. 45-52.  . 
doi: 10.1016/S0044-8486(00)00418-X
John, B.A. 
Feeding Ecology, Molecular Phylogeny and TAL Production from Malaysian Horseshore
Crabs: Tachypleus Gigas & Carcinoscorpius Rotundicauda 
(2012) .  . 
Kulliyyah of Sciences, International Islamic University Malaysia PhD thesis report 
 
John, B.A., Jalal, K.C.A., Zaleha, K., Armstrong, P., Kmaruzzaman, B.Y. 
 
(2011) Marine and Freshwater Behaviour and Physiology, 44 (5), pp. 321-327. 
. 
doi: 10.1080/10236244.2011.642505 
John, B.A., Kamaruzzaman, B.Y., Jalal, K.C.A., Zaleha, K. 
 









Current horseshoe crab harvesting practices cannot support global
demand for TAL/LAL: The pharmaceutical and medical device industries'
























Feeding ecology and food preferences of carcinoscorpius rotundicauda
collected from the pahang nesting grounds
Cited 22 times
http://www.ukm.my/jsm/pdf_files/SM-PDF-41-7-2012/07%20Akbar.pdf
Akbar John, B., Kamaruzzaman, B.Y., Jalal, K.C.A., Hassan, S., Rozihan, M. 
 
(2017) Malaysian Applied Biology, 46 (1), pp. 21-25.  . 




(2018) Biodiversity and Conservation, 27 (14), pp. 3573-3598.  . 
 
doi: 10.1007/s10531-018-1633-8 




(2018) Biodiversity and Conservation, 27 (14), p. 3845.  . 
 
doi: 10.1007/s10531-018-1650-7 
John, A., Shin, P.K.S., Botton, M.L., Gauvry, G., Cheung, S.G., Laurie, K. 
 (Open Access)
 
(2021) Biodiversity and Conservation, 30 (1), pp. 253-256.  . 
 
doi: 10.1007/s10531-020-02078-3 
Joshi, B., Chatterji, A., Bhonde, R. 
 
(2002) In Vitro Cellular and Developmental Biology - Animal, 38 (5), pp. 255-257. 
. 
doi: 10.1290/1071-2690(2002)038<0255:LTIVGO>2.0.CO;2 
Kreamer, G., Michels, S. 
 




Krisfalusi-Gannon, J., Ali, W., Dellinger, K., Robertson, L., Brady, T.E., Goddard,
M.K.M., Tinker-Kulberg, R., (...), Dellinger, A.L. 
 (Open Access)
 
(2018) Frontiers in Marine Science, 5 (JUN), art. no. 185.  . 
 
doi: 10.3389/fmars.2018.00185 
Kumar, V., Roy, S., Sahoo, A., Behera, B., Sharma, A. 
Horseshoe crab and its medicinal values 
(2015) Int. J. Curr. Microbiol. Appl. Sci., 4 (2), pp. 956-964.  . 
 
24
Effect of differential feed on the molting success and survival of









Correction to: A review on fisheries and conservation status of Asian











Long-term in vitro generation of amoebocytes from the indian


















Kwan, B.K.Y., Chan, A.K.Y., Cheung, S.G., Shin, P.K.S. 
 




Lee, G., Arepally, G.M. 
 (Open Access)
 
(2012) Journal of Clinical Apheresis, 27 (3), pp. 117-125.  . 
doi: 10.1002/jca.21222 
Levin, J., Bang, F.B. 
 




(2011) Invertebrate Medicine: Second Edition.  . 
 
ISBN: 0813817587; 978-081381758-3 
doi: 10.1002/9780470960806 
Li, W., Zhang, J., Tse, F.L. 
 
(2013) Handbook of LC-MS Bioanalysis: Best Practices, Experimental Protocols, and
Regulations, pp. 1-684.  . 
 
ISBN: 978-111867127-6; 978-111815924-8 
doi: 10.1002/9781118671276 
Liang, S.-M., Liu, T.-Y. 
 
(1982) Biochemical and Biophysical Research Communications, 105 (2), pp. 553-559. 
. 
doi: 10.1016/0006-291X(82)91470-X 
Lu, Z., Jiang, H. 
 (Open Access)
 
(2007) Insect Biochemistry and Molecular Biology, 37 (5), pp. 478-485.  . 
doi: 10.1016/j.ibmb.2007.02.004 
32
Hemolymph quality as indicator of health status in juvenile Chinese




























Studies on the Limulus coagulation system: Inhibition of activation of





Regulation of phenoloxidase activity by high- and low-molecular-weight
inhibitors from the larval hemolymph of Manduca sexta
Cited 29 times
View at Publisher
Maloney, T., Phelan, R., Simmons, N. 
 (Open Access)
 
(2018) PLoS Biology, 16 (10), art. no. e2006607.  . 
 
doi: 10.1371/journal.pbio.2006607 
Morales, R.P., Alejo, V.M., Bravet, E.P., Carbonell, J.E.C., Ruiz, Z.P., Verdecia,
M.P., Hurtado, Y.V. 
(2018)  
U.S. Patent Application 14/368,697. 
 
Nakamura, T., Morita, T., Iwanaga, S. 
 
(1985) Journal of Biochemistry, 97 (6), pp. 1561-1574.  . 
doi: 10.1093/oxfordjournals.jbchem.a135213 




(2019) Science, 363 (6424), pp. 294-297.  . 
 
doi: 10.1126/science.aau0583 
Nolan, M.W., Smith, S.A. 
 (Open Access)
 












(2015) Changing Global Perspectives on Horseshoe Crab Biology, Conservation and
Management, pp. 483-500.  . 
 
ISBN: 978-331919542-1; 978-331919541-4 
doi: 10.1007/978-3-319-19542-1_28 
Prior, R.B. 
Clinical Applications of the Limulus Amoebocyte Lysate Test 
(1990) .  . 
Taylor & Francis UK 
 
39
Saving the horseshoe crab: A synthetic alternative to horseshoe crab






Intracellular proclotting enzyme in limulus (Tachypleus tridentatus)










Clinical evaluation, common diseases, and veterinary care of the












Biomedical implications for managing the Limulus polyphemus harvest







Isolation of pure populations of insect haemocytes 
(1993) Insect Immunity, pp. 33-45.  . 
Springer 
 
Razak, M.R.M., Kassim, Z. 
 
(2018) ASM Science Journal, 11 (2), pp. 56-66.  . 
 
Ribeiro, M.M., Xu, X., Klein, D., Kenyon, N.S., Ricordi, C., Felipe, M.S.S., Pastori, R.L. 
 (Open Access)
 
(2010) Cell Transplantation, 19 (8), pp. 1047-1054.  . 
 
doi: 10.3727/096368910X500643 
Rinkevich, B., Müller, W.E. 
(2012) Invertebrate Immunology, 15.  . 
Springer Science & Business Media 
 
Soares, F.E.F., Braga, F.R., Araújo, J.V., Dos Santos Lima, W., Mozer, L.R., Queiróz, J.H. 
 
(2012) Parasitology Research, 110 (6), pp. 2423-2427.  . 
doi: 10.1007/s00436-011-2781-x 




(2019) Nature, 575 (7783), pp. 519-522.  . 
 
doi: 10.1038/s41586-019-1719-9 
Tinker-Kulberg, R., Dellinger, A., Brady, T.E., Robertson, L., Goddard, M.K.M., Bowzer,
J., Abood, S.K., (...), Dellinger, K. 
 (Open Access)
 
(2020) Frontiers in Marine Science, 7, art. no. 541604.  . 
 
doi: 10.3389/fmars.2020.541604 
Webster, S.G., Dircksen, H., Chung, J.S. 
 




















In vitro activity of a serine protease from Monacrosporium thaumasium









Effects of Diet on the Biochemical Properties of Limulus Amebocyte





Endocrine cells in the gut of the shore crab Carcinus maenas




 1 of 1
World Health Organization (WHO) 





Young, N.S., Levin, J., Prendergast, R.A. 
 (Open Access)
 
(1972) The Journal of clinical investigation, 51 (7), pp. 1790-1797.  . 
doi: 10.1172/JCI106980 
Zion Market Research 
Pyrogen Testing Market 
(2019) .  . 
Zion Market Research New York 
 
Zudaire, E., Simpson, S.J., Montuenga, L.M. 
 
(1998) Journal of Experimental Biology, 201 (21), pp. 2971-2979.  . 
 John, B.A.; Institute of Oceanography and Maritime Studies (INOCEM), Kulliyyah of Science,
International Islamic University Malaysia (IIUM), Kuantan, Pahang, Malaysia;
email:   













Effects of food nutrient content, insect age and stage in the feeding






















Copyright © . All rights reserved. Scopus® is a registered trademark of Elsevier B.V.
We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the .
↗Terms and conditions ↗Privacy policy 
↗Elsevier B.V 
use of cookies  
